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ABSTRACT KEYWORDS
L aboratory-scale experimentswere conducted to recover cerium, light and Crude monazite;
heavy rare earth elementsfrom Egyptian monazitein sulfuric acid medium. Leaching;
The method includes acid leaching of Egyptian monazite and subsequent Light and heavy rare earth
aqueous mediaextraction of the leached metal sinto two successive stages. elements;
Rare earth double sulfate selective precipitation was carried out upon the Thorium;
two leach solutions to prepare concentrates containing most of the light Double sulfate precipitation;
rare earth elements. Light rare earth double sulfate concentrates were con- Ceriumoxidation;
versed to hydroxide then filtration, washing and drying at 180°C for 10 hrs Trivalent rareearth;
were used to oxidize Ce** to Ce*. Light rare earth hydroxide cakes were Oxalate precipitation;
leached with dilute nitric acid under pH control of 3.0 to leach most of the Concentrates;
trivalent rare earth elements rather than Ce** which left as high cerium Uranium.

concentrate. The leach solution containing light and other trivalent rare
earth elements was precipitated successively at pH values of 7.5, 8.5 and
9.5. Cerium concentrates contained 47 — 48% CeO and the light rare earth
concentrate precipitated at pH 7.5 contained more than 64% La, Nd, Pr and
Sm oxides. Solutions after the double sulfate precipitation were subjected
to thorium separation at pH 1.1 then the resultant clear solution was thor-
oughly neutralized at pH 6.5 where the precipitate slurry was converted to
hydroxide. The produced hydroxide cake was leached with HCl at pH 3.0
and the leach solution was selectively precipitated using oxalic acid to
produce the first oxalate concentrate which was composed mainly from
yttrium (about 18% Y ,0,). © 2015 Trade Sciencelnc. - INDIA

INTRODUCTION

Rareearthedementsof high purity play asignificant
rolein many areas of contemporary techniques. They
aso havemany scientific gpplications. For example, ther
compounds are used as catalystsin the production of

petroleum and synthetic products, lanthanidesareused
inlamps, lasers, magnets, phosphors, motion picture
projectors, and X-ray intensifying screens. Therefore,
the preparation of high purity rareearthelementsisvery
important for suchtechnologies¥. Theextractionof lan-
thanide concentratesfromther oresinvolvesanumber
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of processes, which progressively eliminatethe major-
ity of theoriginal non-rareearth constituentsof theore.
Rareearth dementscan befoundinavariety of miner-
as, but themost abundant rareearth d ementsarefound
primarily in bastnaesiteand monazite. Usudly monazite
containsabout 70% REQ, andtherareearth fractionis
constituted by 20 to 30% Ce,O,; 10 to 40% La,0,;
sgnificant amountsof neodymium, praseodymium, and
samarium; and lesser amountsof dysprosium, erbium,
and holmium. Y ttrium content may vary fromatraceto
~5%Y,O,, and thorium content of 4 to 12% s com-
mon. Someamount of uraniumisa so present inmona:
zite,

Digestion by sulfuric acid isrecommended for low
grademonazite sand of different grainsizein addition
to theother advantageswhichincludether availability,
low cost and plant corrasontoitshigher boiling point4,
Ontheother hand, the resultant monazite sulfate solu-
tionissuitablefor selective precipitation of light rare
earth d ementsasdoubl e sulfatesusing anhydrous sul-
fatesalt. Theprecipitateiseasily filterable, washable
and a so convenient to storeas starting materid for the
manufactureof rareearth materids. It can be converted
to hydroxidesby caustic soda. Cerouscontainedinrare
earth hydroxidescan beeasily oxidized to cericduring
thedrying step at temperature morethan 150°C which
inturnunableto dissolvewith diluteacidsat relatively
high pH®H.,

Rare earth precipitation asoxaateisconsidered a
better method which producesrare earth precipitate
freefrom the undesirable sulfate, phosphateand ura-
niumionsthat interferesthel atter separati on processes.
Rare earth oxalate precipitatesare easily filterableand
can readily be converted to oxides by calcinations.
Completenessof oxal ate precipitation wasfoundto be
virtually independent of pH between 0.4 and 3.0, and
temperature between 20°C and 80°C from sulfate me-
dium. However, pH vaue between 1.1 and 1.5 was
preferred wherethe acidity can be adjusted by ammo-
nid™.

EXPERIMENTAL
Egyptian low grade monazite was obtained as by-

product during the concentration and recovery of the
more abundant economic mineralse.g. magnetite, il-
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menite, rutile, zircon, etc fromtheblack sand deposits
at Rosettaareaon the M editerranean coast’®. Fifty ki-
lograms of thislow grade monazite was subjected to
different procedures and treatmentsfor preparing high
grade cerium, light and heavy rare earth concentrates,
taking into considerationthefollowinginitia salective
separation routes®*?, Thesearesummarized intheil-
lustrated flow shests.

Selective leaching route stages

Rareearth sulfateshavelower solubility at relative
hightemperature, wheremorethan haf of therareearth
sulfatescan beleft un-dissolved. Accordingly, themona-
zitesulfate produced after digestion can beleached with
water into two successivesteps. Inthisregard, it isben-
eficial to conduct thefirst leaching step with normal
water wherethe heat rel eased from excesssulfuricacid
dilutionincreasesthe sol ution temperatureto morethan
45°C. Water wasadded in aratio to the monazite sand
of 10/1 and themixturewas agitated for onehour ina
polypropylenetank to preservethe heat then | eft over
night to decant. The clear sol ution waswithdrawn, con-
taining part of therareearth dementswithamost al of
thorium and uranium. The un-leached part wasthor-
oughly leached alsowith normal water inaratio of 3.5/
1totheremaining slurry to producethe second leach
step sol ution contai ning high concentration of the other
rare earth e ementd™¥.

Light rare earth elements selective separation
route

Most of thelight rare earth el ements can be pre-

93% M50, | | Monarite Sand

Digestion
Acid/Sand 2.5/1, 220°C, 2.5 hr

|

Gray past cooling to ambient temp.

v
Ii 1# leaching, 45°C
|

1% Leach solution

Water
4—

Water
l———

R

Residue

Remaining slurry
2 Jeaching step

22 1 each solution
Scheme 1: Thetwo successiveleaching steps
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Scheme2: Sepsfor preparation ceriumand light rareearth concentrates

cipitated selectively asdouble sulfateswith anhydrous
sodium sulfate, whilemost of yttriumand theother heavy
rare earth elementsin addition to 50 — 60% of gado-
linium remain un-preci pitated. Accordingly, twolight rare
earth concentrates were prepared through adding the
Na,SO, salt in concentration equivalent to 45 and 70
o/l for precipitation from thefirst and second leach so-
[utions, respective yi*,

Heavy rare earth elements selective separation
route

Clear solutions (1) and (2) after doublesulfate pre-
cipitation were treated as follows:

(a) Thoriumwasfirstly precipitated at pH 1.1 using
16% ammoniasolution. After settling, the clear
solution waswithdrawn for further precipitation.

(b) The clear solution was neutralized to pH 6.5
using also 16% ammonia sol ution to precipitate
theremained light with the heavy rare earth ele-
ments and uranium.

(c) Thedlurries of rare earth phosphate precipitates
were converted into hydroxides using sodium hy-
droxide pellets (equivalent to 20%) in a poly
propylenetank which kept the rel eased heat due
to the dissolution and raise the temperature of
the slurry. The converted precipitates were left
over night then finely washed thoroughly through
re-pulping with water to freethe slurry fromthe
alkali.

(d) The produced hydroxide precipitates in slurry
were leached with hydrochloric acid at control
pH of 3.0. After settling, the clear solution was
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withdrawn leaving the residuefor further leach-
ing.

(e) The leach solutions were precipitated using ox-

alic acid (equivalent to 3%) wherethefirst rare
earth oxalate concentrate (denoted oxalate (1))
was produced at low pH value. The precipitate
was separated after decantation and finely
washed.
Theclear solution from oxa ate preci pitation was
mixed with the residue from the leaching step
where another rare earth oxaate concentrate (de-
noted oxalate 2) was produced also at low pH
value. The precipitate was separated after de-
cantation and finely washed.

(f) The pH of the final clear solution was succes-
sively adjusted to 3.6 where another rare earth
oxalate concentrate (denoted oxalate (3)) was
produced. ThepH 7.5 of thelast precipitate was
produced (denoted oxalate (4)) which contains
uranium and any un-precipitated constituents.
The prepared concentrates oxalate (1) and (2)

were characterized using X-ray Fluorescence Spec-

trometer, Bruker Pioneer S4, whilethe concentrates
oxalate (3) and (4) were analyzed qualitatively us-
ing Scanning Electron Microscope (ESEM) operat-
ing conditions with low vacuum, 30 KV, Take-
off:35.00, AmpT:25.6, Detector Type :SUTW-Sap-
phire, and Resolution :132.38.

Cerium selectiveseparation route
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Scheme3: Sepsfor preparation heavy rareearth concentrates

Light rare earth double sulfate concentrate was b- The resultant hydroxide slurries were then

subjected to several treatmentsto separate two con-

centrate of cerium and light rare earth elements.

Thesetreatmentsinclude:

a- Conversion of thedouble sulfate concentratesto
hydroxide by adding sodium hydroxide pellets
equivalent to about 20% and finely agitated then
left over night!*3,

d-

washed efficiently through re-pul ping with wa-
ter and decantation several timesthen filtered.
The hydroxide was then dried at 180°C for 10
hourswhere most of the cerous constituents con-
verted to ceric.

Most of the trivalent rare earth el ements were
leached from ceric using | M HNO, under pH
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Scheme4: Sepsfor preparation cerium and light rareearth concentrates

control of 3. Two cerium concentrates were pro-
duced containing al so thorium and uranium.
The leached trivalent rare earth elements, com-
posed mainly from light rare earth, were sub-
jected to fractional precipitation using 10% so-
dium hydroxide. Three precipitates were pre-
pared at different successive pH values of 7.5,
8.5and 9.5.

The prepared concentrates were characterized
X-ray Fluorescence Spectrometer, Bruker Pioneer
HA.

RESULTSAND DISCUSSION

The Egyptian crude monazite sand assaying 47%
monaziteisgeneraly having asizeof about - 65 mesh.
However, the high grade Egyptian monazitesand (97%
monazite) containsmorethan 61.2% REE,O,, 27.8%
P,O,, 5.8% ThO,, 0.5% U,O, and 4.7% otherg‘.
Distribution of the rare earth oxidesin the Egyptian
monaziteareillustratedin TABLE 1. It isclear that the
light rare earth oxides (LREO) (La, Ce, Pr, Nd, Sm)
compose 93.3% of thetota rareearth oxideswhilethe
heavy rare earth oxides (HREO) represent only 6.7%.

Digestion of crude monazite under the conditions
of 93% H,SO, acid initially heated to 180°C and in
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weight ratio to the monazite of 2.5 was added gradu-
ally then heated to 220°C for 2.5 hr. The digestion
efficiency under these conditions is illustrated in
TABLE 2.

The gray past product was cooled to room tem-
perature then leached through two successive steps.
Thefirst leach solution of 220 | contains 9.1 g Ce/l
and 4.5 g Th/l, while the second leach solution of
1201 contains23.1gCe/l and 1.2g Th/l. Thismeans
that about 60% of cerium and in consequence the
other rare earth elements were dissolved during the
second leaching.

Effect of anhydroussodium sulfateon cerium pre-
cipitation

Cerium representsthemgjor congtituent of light rare
earthinthemonazite sand, soitsprecipitation withan-
hydrous sodium sulfate was studied at ambient tem-
peratureand mixing for 3 hours. Resultsof doublesul-
fate precipitate are shown in TABLES 3and 4. The
resultsrevesal that cerium concentration was decreased
from9.11t00.76 g/l with adding40 gNa,SO,/l inthe
caseof first leach solution. It wasdecreased from 23.1
to 0.9 g/l with adding 70 g Na,SO,/I in the case of
second |each solution. However, morethan half of the
present thorium was co-precipitated in the case of

Au Tudian Yournal
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first leach solution whereits concentration was de-
creased from 4.5 to 2.1 g/I. In the case of second
leach solution it was decreased from 1.2t0 0.36 g/I.
This means that about 70% of the present thorium
was co-precipitated.

Theresults of anhydrous sodium sulfate concen-
tration on precipitation were applied upon the two
leach solutions where 45 g/l and 70 g/l Na,SO, was

TABLE 1: Distribution of therareearth oxidesinthe Egyp-
tian monazite

HREO Distribution, %
Eu,O4 0.7
Gd,0; 18
Dy-03 0.8
Ho,05 0.3
Er,Os 0.4
Tm,04 0.3
Y b,0s 0.1
Y203 2.3
> 6.7%

LREO Distribution, %
La,Os 23.2
Ce,03 44.7
PrsOq1 47
Nd,O3 17.6
Sm,05 31
> 93.3%

—= Full Paper

TABLE 2: Digestion efficiency of cerium, thorium and the
over all monazite

Element digestion efficiency, %
Ce 91.2
Th 96.6

92.1

used for the 1% (220 1) and 2™ (120 |) solution, re-
spectively. The precipitation efficiency of both ce-
rium and thorium from these solutionsis shown in
TABLE 5. From theseresultsit isclear that the pre-
cipitation efficiency for both cerium and thorium was
91.8% and 53.8% from the 1% leach solution where
it was 96.0% and 70.3% from the 2 |each solution,
respectively.

After converting the two sodium rare earth
double sulfate precipitates to hydroxides, washing
and drying at 180°C for 10 hours, their weights, quan-
titative chemical anaysisof cerium and thorium are
indicated in TABLE 6 while qualitative constituents
of rare earth and other major elementsareindicated
inNTABLE?7.

Composition of cerium concentr ates

monazite sand

Analysisof the prepared cerium concentratesare
shown in TABLE 8. The two cerium concentrates
contained about 47, 48% CeO,, 11, 13% other light
rare earth elements and 3, 3.8% ThO,,

TABLE 3: Effect of theadded anhydr ous sodium sulfateon cerium and thorium precipitation from the 1% leach solution (2 hr,

ambient temp.)

Equivalent Na,SO,added, g/l

conc. after ppt"*" from the 1% leach solution, g/|

Ce(Org. conc. 9.1 g/l)

Th (Org. conc. 4.5 g/l)

10
20
30
40
45

1.6 2.8
0.93 25
0.82 2.2
0.76 21
0.75 21

TABLE 4: Effect of theadded anhydr oussodium precipitation from the2nd leach solution (2 hr, ambient temp.)

Equivalent Na,SO,added, g/l

conc. after ppt"®" from the 2" leach solution, g/l

Ce(Org. conc. 23.1 g/l)

Th (Org. conc. 1.2 g/l)

30 3.2 0.64
40 19 0.58
50 13 0.5
60 11 0.44
70 0.9 0.36
———_ CHEMICAL TECHNOLOGY
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TABLE 5: Anhydroussodium sulfateprecipitation efficiency
from theleach solutions

precipitation efficiency from leach solution, %

Element

18 2@
Ce 90.3 96.6
Th 42.6 70.3

5.5% of thetotal three concentrates and containing
less than 1% of the light rare earth oxides. Accord-
ingly, it would be recommended to precipitate the
trivalent light rare earth elements at pH 8.5.
Analysis of the prepared oxal ate heavy rare earth
concentrates (1) and (2) isshown in TABLE 10.

TABLE 6: Weight, cerium and thorium concentrationsin thepr epar ed two concentratesfrom doublesulfate precipitation

Precipitate from 1% leach solution

Precipitate from 2" leach solution

Wt., Kg 5.74
Ce, % 31.35
Th,% 7.3

7.95
33.74
1.34

TABLE 7: Composition of rareearth and other major ele-
mentsin the prepar ed two concentratesfrom doublesurface
precipitation using SEM

Element, Precipitatefrom 1% Precipitate from 2™
% leach solution leach solution
Ce 37.85 42.62
La 19.52 21.1
Nd 15.68 17.1
Pr 3.18 4.47
Sm 1.98 2.46
Eu 0.30 0.58
Gd 0.52 1.19
2 REE 78.21 89.52
Th 11.95 251
U 1.56 0.58
Ca 4.20 0.99
S 1.15 1.58
P 0.95 0.57
S 0.70 101
Al 0.56 0.74

Composition of the concentrates after cerium
Separation

Results of analysis the three concentrates pre-
pared after fractional precipitation from the leach
solutions containing trivalent rare earth elements at
different pH values are shown in TABLE 9.

The major concentrate was precipitated at pH
7.5 and represents more than 93% of thetotal three
concentrates weight. This concentrate composed
mainly of light rare earth elements (more than 64%
La, Nd, Pr and Sm oxides) with only 5.7% Ce oxide
and 2.3% of Gd oxide. The concentrate precipitated
at pH 8.5 represents only 1.3% of the total three
concentrates weight and containing 7.5% oxides of
thelight rare earth from which 0.6% Ce oxide. The
later concentrate precipitated at pH 9.5 represents

TABLE 8: Composition of cerium, light rareearth and the
other elementsin thetwo prepar ed cerium concentrates

Oxide, % Cericoxide 1 Cericoxide2
CeO, 48.11 47.3
LaOs 499 4.05
Nd,O3 5.33 5.11
PrsO1 1.70 1.49
Sm,04 1.10
2. LREE 13.12 10.65
ThO, 3.01 3.77
uo, 0.03 0.04
Na,O 4.36 8.79
Ca0 0.18 0.47
MgO 0.09
Fe,0O; 0.15

The other rare earth elements concentration, if present, isless
than 0.3%

Resultsreved that thefirst oxdateheavy rareearth
concentrate are composed mainly from yttrium (about
18% Y .,0,) while containing about 1.4 and 2.5% of
both Gd,O, and Dy, O, respectively. The second ox-
aate concentrate contained high thorium (about 14%
ThQ,), cerium (more than 17% CeO,) and light rare
earth element oxides (about 22%) while the heavy
rare earth element oxides content were only about
11%. The third concentrate prepared at pH 3.6
(TABLE 11) composed mainly of iron (more than
22%) and containing 4%, 6.5% and 7% of cerium,
yttrium and uranium, respectively. Thefourth concen-
trate prepared at pH 7.5 (TABLE 11) composed of
5.5% uranium, 5.8% iron and 3.6% chromium.

CONCLUSIONAND RECOMMENDATIONS

It may be beneficial to prepare concentrates of
cerium, light and heavy rare earth elementsin early

CHEMICAL TECHNOLOGY
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TABLE 9: Composition of thelight rareearth elementsin
prepared three concentr ates 3.4. composition of the heavy
rareearth oxalate concentrates

—= Full Paper

TABLE 11: Composdtion of thethird and fourth concentrates
prepared at pH 3.6 and pH 7.5 using Scanning electron
microscope(ESEM)

concentrates prepared at pH

prepared concentrates

. 0 0,

Oxide, % 75 85 95 Element, % Oxalate 3 Oxalate 4
La0; 286 4.95 0.55 C 5.94 6.72
Nd,Os 25.89 16 0.37 o) 29.47 345
PreOu 5.74 0.37 0.06 Na 6.46 26.07
CeO, 5.47 0.64 0.06 Mg 0.40
Sm,05 418 0.15 0.05 s 0.21
Y LREE 69.88 7.71 1.09 P 11.37 7.20
Gd,0; 2.04 0.08 s 3.54
Dy,0, 0.33 a 5.26
Y205 0.90 0.04 Ca 4.78 1.33
> HREE 3.27 0.12 T 169 e

Ce 408 0 -
Tho, 0.04
Fo
Na,O 3.04 0.53 U 08 o a7
Ca0 1.38 488 59.3 v 646
MgO 0.52 17.8 11.6 '
Fe,03 0.05 0.03 earth el ements coul d be fractionated using selective

The other rare earth elements concentration, if present, isless
than 0.3%

TABLE 10: Composition of thetwo prepar ed rareear th oxalate
concentrates(1) and (2)

prepared concentrates

Oxide, %
Oxalate 1 Oxalate 2
Y,03 17.8 6.36
Gd,04 1.39 2.66
Dy,03 2.69 1.55
Ho,0O3 0.32
Th,05 0.31 0.31
Er,O3 0.02
> HREE 22.19 11.22
CeO, 0.13 17.3
La,Os 0.47 105
Nd,O3 0.19 8.02
PrsO1 1.78
Sm,04 1.65
2. LREE 0.79 39.25
ThO, 13.9
Na,O 11.8 7.02
Ca0 1.46 1.69
Fe,0O; 0.04 0.33

stageto facilitate the subsequent separation of each
element in high grade aswell asfor economical con-
siderations. Inthisregard, the Egyptian crude mona-
zite sand wastreated to firstly separate most of tho-
rium with part of rare earth elementsin first leach-
ing step, while the remaining rare earth elements
would be completely leached in second step. Rare

precipitation of most light rare earth elements as
sodium light rare earth double sulfate, from which
cerium could be easily separated depending upon
change its oxidation state from Ce* to Ce**. The
other trivalent light rare earth e ementsleached from
Ce* could be precipitated at pH 8.5 to form con-
centrate of them. It is worthy to mention that, tho-
rium was co-preci pitated with the double sulfate and
oxalate, so it should be pre-precipitated before per-
forming either of the mentioned selective precipita-
tionroutes.
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